We show that the Higgs resonance can be amplified in a 3-3-1 model with a multi-Higgs "leptophilic" scalar sector. This would allow the observation of the Higgs particle in muon colliders even for Higgs masses considerably higher than the ones expected to be seen in the electroweak standard model framework.
The study of the electroweak symmetry breaking is one of the main goals of future colliders. The Higgs coupling to fermions are proportional to the fermion masses and hence the s-channel Higgs contribution to e + e − → ff is highly suppressed in electron-positron colliders. However, since muons are nearly 200 times heavier than electrons it is usually considered in literature that the s-channel production of the Higgs boson in the µ + µ − collider is one of the main features of muon colliders. The main process is also µ + µ − → ff [1] .
We would like to point out that there exist a kind of models in which a scalar multiplet couples only with leptons (not with quarks). If this is the case the vacuum expectation value (VEV) of the neutral component of such multiplet can be naturally small since it is the only responsible for generating the leptons masses. An example of this kind of models are the multi-Higgs extensions of the electroweak standard model (ESM) with three Higgs doublets in such a way (say, by imposing an appropriate discrete symmetry) that one of them couples only with leptons in the fermion sector.
There are models in which such a situation arises in a more natural way than in the several doublets extensions of the ESM. These are models based on SU(3) C ⊗SU(3) L ⊗U(1) N gauge symmetry (3-3-1 model by short) [2] . In the minimal version of this model a sextet (6, 0) is necessary for giving mass to the charged leptons and it does not couple to quarks indeed, so, its VEV does not have to be necessarily a large VEV, say it can be of the order of a few GeVs. A scalar sector having this particular characteristic will be called "leptophilic".
Hence, leptophilic models can have a lepton-Higgs coupling stronger than the ESM one. This characteristic will be the key for having a Higgs resonance-enhancing-effect in processes involving leptons in the initial and/or final state. Here we will consider a µ + µ − collider to study the Higgs-resonance in the reactions
Throughout this work, for each process, we will refer to the pure Higgs contribution at √ s = m h as signal (S = σ h ), and to the non-Higgs ones as background (B = σ B ). Here we are also assuming that the pure 3-3-1 contributions to each reaction, i.e., the ones that are not contained in the ESM, are mediated by fields which are massive enough to make these contributions negligible. In this way the only difference between the 3-3-1 model and the ESM lies in the scalar sector so that the background will be the same for both models for each process considered. The background itself depends on the process: it is formed by the ν, γ and Z contributions for W W and by the γ and Z ones for µµ and bb.
µµ σ h / √ σ B and L µµ , the muon-collider luminosity, depends only on the machine, we focus our attention on the model dependent dimensional ratio The total Higgs-width is model dependent, however, we are assuming that for the Higgsmass range considered here (100-200 GeV) no new 3-3-1 decay-modes are allowed living the total Γ h equal to the one of the ESM. In order to study the scalar resonance when comparing the 3-3-1 model with the ESM we will introduce the Higgs-signal-enhancing-factor (HSEF) f defined for each process by S 331 /S ESM .
The main goal of this paper is to show the possible existence of a Higgs-signal-enhancing effect due to the manifestation of the leptophilic quality of a given model, hence as we are not considering the experimental detection aspects in detail we assume that the detector efficiency is 1.
Although we will consider explicitly a 3-3-1 model, we would like to stress that our results will be valid in multi-Higgs extensions of the ESM if they are implemented in such a way that there is only a doublet coupling to leptons as we said above.
In the 3-3-1 model considered here the lepton mass term transforms as (1,
and a symmetric sextet S ∼ (1, 6 * , 0). With the η-triplet only, one of the charged leptons remains massless and the two other are mass degenerate. Hence, the sextet S at least has to be introduced in order to give arbitrary masses to all charged leptons. This scalar multiplet has the following charge attribution:
In the model, in order to give mass to the quarks, it is necessary to have two more triplets:
Denoting the respective VEVs by v a (a = η, ρ, χ, σ 2 ) and also assuming v σ 1 = 0, in such a way that neutrinos remain massless (assuming that the total lepton number is conserved),
we can write the masses of the vector bosons
Notice that v χ does not contribute to the vector boson masses (it only contributes to the Z boson mass but in such a way that it is proportional to v/v χ , with v being any of the other VEVs. Since the v χ is the VEV which is in control of the SU(3) L breaking, it is larger than the other ones and we can neglect its contribution to M Z . In this case the physical neutral Higgs-scalars relevant at low energies are only those related to η, ρ and S with the decoupling of the χ field [4] . On the other hand, since the sextet S couples only with leptons its VEV can be of the order of a few GeVs; its contribution to the vector boson masses can be smaller than the other VEVs contributions. Hereafter we will change 
while the Yukawa interaction in the lepton sector is given by
since only the sextet (σ 0 2 = O 3j h j ) couples with them. Notice that this scalar interaction with leptons are not necessarily negligible since v 3 can be of the order of some GeVs as commented earlier.
We will study the µ + µ − → W + W − process in some detail and for the other ones we will omit some of the technicalities for shortness. There are four contributions to the W W process being three of them in the s-channel with Z 0 -, A(photon)-and h 0 's exchanges and one in the t-channel with a neutrino exchange.
The amplitude M W W is:
In the 
where However, the scalar contributions are different in 3-3-1 models. Each s-channel exchange of a physical Higgs h j gives the contribution:
where m j and Γ j are the mass and total width of the scalar j (with no sum in j).
In the ESM a scalar resonance can only be revealed in a µ-collider for a relatively On the other hand for a 3-3-1 model, as it can be seen from Eq.(9), the squared-Higgs-
Where the mixing-angles must obey the unitary condition j O 2 . As we said before once the VEV v 3 is only needed to give mass to the massive leptons, it can take small values so that the VEV-mixing-angles relation between the square brackets above can enhance the total
Higgs contribution in such way that it can be still significant even for large values of the Higgs mass.
In this case the HSEF is given by
The behaviour of f W W is showed in Fig. (1) as a function of v 3 when a choice for the others parameters is made. In Fig.(2) we show S and B for the W W process for the ESM and the 3-3-1 model. There we can see that due to the HSEF, S is considerably enlarged for the 3-3-1 model providing a better ratio S/ √ B when comparing with the ESM. We have built these figures by considering the s-channel exchange of a single Higgs in the 3-3-1 amplitudes. Here we have taken j = 3, however, in order to unify the notation we use m 3 = m h and Γ 3 = Γ h .
For very large values of √ s we certainly must add all others scalar contributions of the 3-3-1 model (and the boson Z ′ as well) in order to ensure unitarity. However, as we said before,
for the values of √ s we are considering here we are assuming that the other scalars h 1 , h 2 (and also the Z ′ ) are massive enough to not affect this picture. Here we have considered only the case of a real W -pair production to illustrate that even for a relatively massive scalar a resonance can occur in the W W process. However, the enhancing factor that we have pointed out here will also occur with a virtual pair production since it is introduced by a fundamental vertex of the model. 
and this quantity can vary from 10 2 for v 3 = 50 GeV to 10 5 for v 3 = 10 GeV assuming that O 33 ∼ O(1) as showed in Fig. (1) . In Fig. (3) we show S and B as a function of √ s = m h and √ s respectively. We do not quote σ GeV S 331 goes under the B and falls rapidly to zero, however the resulting HSEF is still enough to allow for a Higgs-resonance detection in the range m h ∼ 150 − 160 GeV in the
Although that enhancing-factor can provide a very pronounced peak in the total cross section at the Higgs resonance for relatively light Higgs, we must remember that for this sort of masses the Higgs-width is very small ant this will require a very high-resolution energy scan. As it was shown in Fig. (2) , this is not the case for the µ + µ − → W + W − process: S 331 remains appreciable even for m h > 170 GeV. In this case a resonance detection is much easier since for masses in this range the Higgs-width is considerably large and so the energy-resolution requirements can be less stringent.
Finally we will examine the µ + µ − → bb process. In the ESM the bb final state considerably increases the S ESM due to the b-quark mass as it is shown in Fig. (4) . There we can see that, differently from the µµ process, the Higgs signal dominates over the background up to m h < 145 GeV. Although the total cross section for bb production is much lower than for µ + µ − , the higher ratio S/ √ B provided by bb make this one the process to be studied at muon colliders in order to detect a relatively light Higgs-resonance [1] .
In the 3-3-1 model the couplings lepton-scalar and quark-scalar are different. Once σ 
Hence, the pure s-channel Higgs contribution to bb at the resonance is proportional to
where we have used the previous redefinition:
In this case, for √ s = m h , the HSEF f bb is given by
As before this factor allows the possibility of having an enhancement in the pure Higgs amplitude as showed in Fig. (1) .
In Fig. (5) we show the quantity δ defined above for the three processes and the two model here considered. We omit δ µµ for the ESM because it is negligible. From Fig. (5) we can see that in the ESM framework, and assuming that N S / √ N B ≥ 5 is necessary for detection, the bb process is able to detect Higgs-resonances for m h up to ∼162 GeV. Beyond 
